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SECTION  1 


INTRODUCTION 

Vehicles  and  structures  exposed  to  the  air  blast  produced 
by  nuclear  weapons  are  subject  to  the  two  types  of  loading.  The 
loads  produced  by  the  reflection  of  shock  waves  are  termed  dif¬ 
fraction  loads  and  are  rather  readily  measured  and  calculated. 
The  forces  produced  by  the  interaction  of  the  flow  field  behind 
the  shock  with  the  structure  are  termed  drag  loads  and  their 
determination  is  more  difficult  and  requires  information  on  more 
environmental  parameters.  In  the  thermally  precursed  flow,  the 
diffraction  loads  and  static  overpressures  are  reduced  and  drag 
loading  is  greatly  enhanced.  Scaling  from  subscale  simulators 
to  the  full  scale  environment  requires  a  knowledge  of  the  dynam¬ 
ic  pressure  of  the  simulator  flow. 

The  determination  of  the  dynamic  pressure  in  clean  fluid 
mechanical  flow  is  achieved  by  measurements  of  side-on  and 
total  pressure  and  measurement  or  a-priori  knowledge  of  certain 
fluid  properties.  In  the  presence  of  thermal  gradients  or  gas 
mixtures  and  in  particular  for  solid/gas  mixed  phase  flow,  the 
determination  of  dynamic  pressure  becomes  quite  difficult. 

This  problem  is  further  complicated  by  the  likely  existence  of 
slip  between  the  solid  and  gaseous  phases  in  the  simulator. 

The  approach  for  the  determination  of  dynamic  pressure  in 
the  simulator  environment,  followed  here,  uses  the  direct  meas¬ 
urement  of  forces  on  drag  bodies  having  well  defined,  and 
nearly  constant,  drag  coefficients  over  a  wide  range  of  the 
Reynolds  and  Mj^rch  numbers.  The  determination  of  the  effective 
dynamic  pressure  from  force  measurements  is  then  reduced  to 
simple  arithmetic  and  the  contributions  of  dust  and  thermal 
precursing  to  the  effective  dynamic  pressures  are  included. 

When  the  dynamic  pressure  due  to  the  gaseous  phase  only  is  known 
from  other  measurements,  the  dust  concentration  can  be  derived 
from  the  force  data. 


SECTION  2 


*■  OBJECTIVES 

The  objective  of  this  program  was  to  develop  a  drag 
measurement  system  compatible  with  the  precursed  and  dusty 
environment  of  the  NMERI  6 -foot  shock  tube  and  to  design  and 
build  a  self-contained  data  acquisition  and  storage  system. 
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SECTION  3 


DESCRIPTION  OF  THE  EXPERIMENTAL  APPROACH 
3.1  BACKGROUND. 


The  application  of  fluid  mechanical  test  data  to  predict 
responses  of  geometrically  similar  objects  in  environments 
different  from  the  test  environment  involves  a  technique  known 
as  "model  testing."  This  technique  is  needed  when  test  facili¬ 
ties  cannot  accommodate  full  scale  prototypes  or  test  conditions 
cannot  be  made  to  match  the  environmental  parameters  of  the 
intended  applications.  The  principles  of  model  testing  are 
based  essentially  on  dimensional  analysis  which  has  been  for¬ 
malized  into  what  is  known  as  the  7T-theorem.  •  1) • 

From  such  dimensional  analyses  result  the  familiar  dimen¬ 
sionless  pressure  and  force  coefficients. 


c*-t; 


a) 


Force. 


and  CF-i,2pv2A 


(2) 


h 

which  in  general  are  also  functions  of  the  familiar  dimension 
less  lumped  parameters  of 


Reynolds  number  R,.£.y k  and  Mach  number  M  =>  -j- 

The  effects  of  viscosity  (R)  and  compressibility  (M)  are  known 
from  experience  and  insight  into  the  physics  of  the  problem. 
The  force  coefficients  are  known  to  be  constant  within  certain 
ranges  of  these  parameters. 


It  must  be  pointed  out  that  the  statement  above  concern¬ 
ing  the  effect  of  Reynolds  number  may  not  apply  to  objects 
being  tested  within  the  boundary  layer  of  the  flow.  A  dif¬ 
ferent  set  of  scaling  rules  that  govern  flow  separation  must 
be  applied  there.  It  may  be  said  in  general  that  the  ratio 
of  obstacle  height  to  boundary  layer  momentum  thickness  should 
be  preserved  for  proper  scaling,  for  objects  on  tne  order  of 
one  boundary  layer  thickness  high. 

For  compressible  ideal  gas  flows  the  dynamic  pressure  (q)  is 
calculated  from  the  equation 

<i  -  V7p  V3  -  yps  M2  C3) 

and  the  end-on  pressure  becomes  Pt  2  which  is  the  stagnation 
pressure  behind  the  normal  shock.  The  Mach  number  M  is  given  by 
the  Rayleigh  pitot  formula  which  involves  the  measured  pressures 
and  the  ratio  (y)  of  the  specific  heats  of  the  gas. 

In  the  case  of  dusty  flow  the  determination  of  effective 
dynamic  pressure  by  pressure  measurement  techniques  is  virtually 
impossible,  except  for  the  very  special  case,  analyzed  by  Marble, 
(Reference  2),  where  solid  and  gas  phases  are  in  complete  equilib¬ 
rium  so  that  the  combined  phases  respond  as  a  perfect  gas.  For 
that  special  case  it  becomes  possible,  in  principle,  to  treat  the 
effect  of  dust  as  a  modification  of  density,  specific  heat,  and 
molecular  weight  of  the  gaseous  medium. 

For  the  drag  measurement  technique  to  determine  the  effec¬ 
tive  dynamic  pressure,  an  a-priori  knowledge  of  the  dust  concentra¬ 
tion  is  not  required,  nor  is  the  precise  state  of  equilibrium  a 
prerequisite.  Although  the  effective  dynamic  pressure  determined 
by  this  method  may  not  be  readily  interpreted  as  the  product  of 
mean  density  and  velocity  squared,  it  will  be  the  proper  driving 
function  that  produces  loads  on  structures. 


For  this  application  it  is  reasonable  to  allow  impacts 
of  solid  particles  on  the  drag  bodies.  The  frontal  area  is 
normal  to  the  incident  dust,  and  the  front  surface  can  be 
designed  to  prevent  particle  rebound.  The  contribution  of 
solid  dust  particle  impacts  to  the  measured  drag  force  is  then 
equal  to  the  incident  dust  momentum. 

The  specific  approach  described  in  the  following  sections 
fielded  arrays  of  flat  circular  disks,  mounted  normal  to  the 
incident  flow  of  the  6  foot  NMERI  shock  tube  with  and  without 
helium  precursing. 

3.2  DESIGN  OF  THE  DRAG  MEASUREMENT  SYSTEM. 

The  design  requirements  of  the  drag  measurement  system 
are  dictated  by  the  test  environment.  The  primary  difficulty 
in  this  design  approach  stems  from  the  rapidly  changing  envi¬ 
ronment  of  the  shock  simulator  flow.  A  high  frequency  response 
is  therefore  important,  which  dictates  low  mass  and  high  stiff¬ 
ness.  Data  interpretation  is  simplified  if  the  system  can  be 
designed  for  minimum  variation  in  force  coefficients.  Depend¬ 
ence  on  Mach  number  is  not  readily  eliminated,  however,  Rey¬ 
nolds  number  dependence  is  virtually  eliminated  if  the  measure¬ 
ment  is  limited  to  forebody  drag,  i.e.  base  drag  is  eliminated. 
Further,  if  the  force  disk  is  short  in  the  streamwise  direction, 
friction  drag  may  also  be  neglected.  A  thin,  flat,  circular  disk, 
supported  over  its  entire  base  region  was  therefore  selected 
for  this  application.  The  drag  coef  f  icient  ( forebody  only)  for 
this  configuration  is  independent  of  Reynolds  number  from  10J  to 
107  and  varies  with  Mach  number  as  shown  in  Figure  1  (Reference  3 
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The  upper  limit  of  frequency  to  which  a  force  measure¬ 
ment  system  can  accurately  respond  is  the  natural  mechanical 
frequency  of  the  measurement  system.  To  achieve  high  fre¬ 
quency  response  a  force  measurement  system  must  therefore 
be  both  light  and  stiff  along  the  sensitive  axis. 

Only  two  basic  sensing  elements  are  in  widespread  use 
in  high  frequency  systems;  the  strain  gage,  and  the  piezo¬ 
electric  element.  The  mechanical  compliance  is  governed  only 
by  the  constraints  required  to  produce,  a  measurable  strain 
in  a  short  section  of  the  structure.  Complications  caused 
by  the  use  of  strain  gages  for  force  measurements  are  the 
need  for  an  excitation  power  and  for  larger  differential  signal 
amplification.  One  of  the  biggest  advantages  of  a  strain  gage 
force  measuring  system  is  that  it  can  measure  steady  state 
forces,  which  greatly  simplifies  precision  calibration  by  stat¬ 
ic  loading. 

The  piezoelectric  element  consists  of  a  thin  wafer  of  a 
crystal  or  polarized  ceramic.  During  compression  an  electrical 
charge  is  generated  on  the  face  of  the  element.  The  magnitude 
•  of  the  charge  is  proportional  to  the  applied  compressive  force 
Because  of  charge  leakage,  piezoelectric  elements  are  unsuited 
for  steady-state  force  measurements  and  unfortunately,  also 
static  calibration.  On  the  other  hand  the  extreme  stiffness 
and  high  sensitivity  of  the  piezoelectric  element  make  their 
use  attractive  for  the  transient  force  measurements  of  this 
application. 

Piezoelectric  materials  are  also  known  to  be  sensitive 
to  temperature  changes.  Fortunately,  for  the  short  duration 
of  the  application  here,  and  the  low  expected  heat  fluxes, 
it  is  not  particularly  difficult  to  provide  thermal  protection 


3.3  DESIGN  OF  THE  DRAG  BODIES. 
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A  very  simple,  but  particularly  high  frequency  system 
was  configured  for  the  initial  entry  into  the  6 -foot  shock 
tube.  The  force  body  was  basically  one  surface  of  the  pie- 
coelectric  wafer.  This  surface  was  protected  only  by  a  0.020 
inch  thick  layer  of  soft  rubber,  attached  to  the  wafer  with 
an  ultrasonic  coupling  grease.  The  wafer  was  then  attached 
to  a  1/4  inch  thick  steel  plate  using  a  conducting  epoxy. 

The  plate  was  mounted  on  a  1/2  inch  thick  sting  which  flaired 
out  to  a  1  inch  cylinder. 

After  exposure  to  the  shock  tube  environment  and  some 
quasi-steady  calibrations  it  was  discovered  that  the  back-up 
structure  was  not  sufficiently  stiff.  Bending  of  the  assembly 
produced  large  signals  that  were  not  proportional  to  the  applied 
load.  It  was  clear  that  a  full  diameter  sting  would  be  required. 
The  system  was  therefore  redesigned  accordingly  (Figure  2) .  A 
number  of  other  minor  changes  were  also  incorporated.  The  con¬ 
figuration  fielded  during  the  second  shock  tube  entry  consisted 
of  a  full  diameter  sting,  to  support  the  ceramic  wafer.  The 
front  face  of  the  transducer  was  then  covered  over  with  duct 
tape  to  protect  it  from  particle  impacts  and  isolate  it  from 
any  electrical  charge  that  might  be  generated  by  small  particle 
impacts . 

The  use  of  a  charge  device  requires  short  and/or  highly 
protected  lead  wires.  For  this  purpose  the  line  lengths  were 
limited  to  less  than  6  inches  and  terminated  in  an  amplifier. 

A  two-stage  preamplifier  was  designed  and  built  for  this  pur¬ 
pose  as  shown  in  Figure  3.  The  first  stage  had  an  adjustable 
gain  of  nominally  1  to  11  and  the  second  stage  had  a  fixed 
gain  of  5.7.  Thus  it  was  possible  to  set  a  0  to  5  volt  output 
for  the  expected  force  range  of  each  transducer. 
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Force  body  preamp  circuit. 


The  force  bodies  were  mounted  in-line  on  a  strut  that 
spanned  the  shock  tube.  The  actual  heights  above  the  ground 
are  shown  in  Figure  4,  as  installed  in  the  shock  tube. 

To  demonstrate  the  feasibility  of  recording  such  data 
on  site,  in  solid  state  memory,  a  completely  self-contained 
data  acquisition  and  recording  system  was  designed  and  built. 

All  electrical  power  was  internal  and  furnished  by  D  C  bat¬ 
teries  . 

3.4  DESIGN  OF  THE  DATA  ACQUISITION  UNIT. 

The  data  acquisition  unit  (DAU)  was  a  self-contained, 
low  power  CMOS  system  which  acquired,  digitized,  and  stored 
analog  data  from  transducers  during  testing.  The  DAU  chassis 
contained  5  channels  of  analog  input  and  provided  its  own 
power  source  via  an  internal  or  external  battery.  After  data 
storage  has  taken  place  the  units  are  transported  to  a  com¬ 
puter  for  data  retrieval.  The  solid  state  memory  had  its  own 
internal  data  retention  battery  with  a  life  of  10  years. 

3.4.1  System  Design. 

The  DAU  consisted  of  the  chassis,  the  battery,  and  the 
card  cage.  The  card  cage  contained  the  acquisition  card,  the 
memory  control  card,  the  memory  cardfs),  and  the  power  supply. 

A  modular  design  approach  was  selected  for  the  data  acquisition 
unit.  Customization  of  the  units  to  suite  specific  require¬ 
ments  was  therefore  readily  possible.  The  chassis  could  be 
designed  to  be  compatible  with  adverse  environments.  For 
the  shock  tube  application  the  chassis  was  made  dust  and  to 
some  extent  water  tight  so  that  it  could  be  fielded  outdoors 
at  the  6  foot  shock  tube  site.  The  battery  to  power  the  DAU 
could  be  internal  or  external  and  battery  size  could  be  selected 


to  suit  the  desired  life  expectancy.  For  the  shock  tube 
application  a  12  volt  Panasonic  re-chargable  battery  was  used, 
housed  within  the  chassis.  The  number  of  channels  to  be  rec¬ 
orded  could  also  be  varied  between  1  and  eight  and  the  size  of 
the  memory  could  readily  be  expanded  to  one  Mega-Byte.  Four 
channels  of  data  were  recorded  here  and  the  memory  was  limited 
to  64K  total. 

The  data  acquired  by  the  data  acquisition  card  was  writ¬ 
ten  into  the  memory  of  the  DAU  under  the  control  of  the  memory 
controller.  The  data  was  later  read  from  the  memory  by  a  com¬ 
puter.  When  triggered  the  memory  controller  commands  all  of 
the  acquisition  cards  to  convert  the  analog  input  into  digital 
format  at  the  same  time.  Thus  all  of  the  channels  within  a  DAU 
were  time  synchronized.  Once  the  digital  values  were  available, 

the  memory  controller  caused  each  acquisition  card  to  write 

* 

the  converted  values  into  consecutive  memory  locations.  Then 
the  memory  controller  waited  until  the  next  samples  were  to 
be  taken  and  then  repeated  the  process.  This  was  done  until 
all  of  the  memory  had  been  filled  with  data. 

To  retrieve  the  data,  a  computer  was  programed  to  inter¬ 
face  with  the  DAU  via  a  parallel  port.  The  data  was  transferred 
as  parallel  bytes  with  each  channel  in  successive  locations. 

3.4.2  Hardware  Description. 

Chassis 

The  chassis  design  was  very  much  application  dependent. 

It  contained  the  battery -and  the  card  cage  safely  in  the  in¬ 
tended  environment.  It  had  a  terminal  strip,  external  to  the 
container  to  facilitate  connection  of  external  inputs 
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Battery 

The  battery  required  an  output  of  12  Volts  since  line 
losses  were  minimal.  The  capacity  requirement  was  variable 
and  depended  on  the  number  of  channels  to  be  recorded  and  the 
size  of  the  memory.  Since  it  was  only  necessary  to  operate 
the  data  acquisition  unit  for  a  few  minutes  per  run,  the 
capacity  required  of  the  battery  was  minimal. 

Card  Cage 

The  card  cage  implemented  the  CMOS  STD  bus.  The  bus  used 
was  an  industry  standard  for  low  power  data  acquisition  sys¬ 
tems.  Thus  the  DAU  could  be  used  for  many  different  applica¬ 
tions  with  the  purchase  of  off-the-shelf  cards  from  many  dif¬ 
ferent  manufacturers.  The  card  cage  contained  all  of  the  elec¬ 
tronics  for  the  DAU. 

Power  Supply 

The  power  supply  accepted  an  input  in  the  range  from 
9V  to  18V  DC.  The  output  is  +5V  and  +/-15V.  The  output  went 
to  the  CMOS  STD  Bus  and  to  a  connector  on  the  top  of  the  card 
for  powering  the  transducer  preamps.  The  input  to  the  power 
supply  was  fuse  protected. 

Acquisition  Card 

The  acquisition  card  accepted  the  output  of  the  trans¬ 
ducer/preamp  in  the  form  of  a  voltage  between  0  and  +5V .  This 
signal  was  subjected  to  a  low  pass  filter  which  limited  the 
bandwidth  to  eliminate  the  aliasing  caused  by  the  digitization. 
The  filtered  signal  was  input  to  a  sample  and  hold  to  provide 
a  stable  input  to  the  analog  to  digital  converter.  The  convert¬ 
er  converted  the  signal  to  a  8-bit  digital  value.  This  digital 
value  was  then  temporarily  stored  in  a  latch  prior  to  being 
written  into  memory  at  the  appropriate  time. 
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Memory  Control  Card. 

The  memory  control  card  controls  the  acquisition  of 
data,  the  storing  of  this  data,  and  the  retrieval  of  the  stored 
data.  When  triggered,  the  acquisition  of  data  continued  until 
the  entire  memory  had  been  filled.  The  sequence  of  events  was 
as  follows:  The  acquisition  cards  were  simultaneously  command¬ 
ed  to  sample  the  incoming  signal  and  then  convert  this  held 
signal  into  a  digital  value.  Once  the  digital  value  was  avail¬ 
able,  the  memory  controller  commanded  each  acquisition  card 
individually  to  place  the  data  on  the  CMOS  STD  Bus.  Then  the 
memory  controller  created  the  signal  to  write  this  data  into 
memory.  This  continued  until  all  the  channels  had  been  read. 

To  retrieve  the  data,  the  memory  controller  read  successive 
memory  locations  and  transferred  this  data  to  the  parallel  out¬ 
put. 

Memory  Card. 

The  memory  card  was  a  CMOS  STD  Bus  card  with  a  memory 
capacity,  of  64K  Bytes.  Up  to  sixteen  memory  cards  could  be  used 

in  a  single  system  allowing  a  maximum  of  1  Mega  byte  of  data 
storage.  The  memory  chips  used  were  very  low  power  devices 
that  had  lithium  batteries  built  into  them.  These  batteries 
allowed  the  acquired  data  to  be  stored  for  up  to  10  years 
regardless  of  the  condition  of  the  system  battery. 

The  capabilities  and  specifications  of  a  data  acquis¬ 
ition  unit  are  summarized  on  the  next  page. 


DATA  ACQUISITION  UNIT 


Nuaber  of  Channels:  5 

Sample  Rate:  25  KHz,  50  KHz,  100  KHz 
(Time  synchronized) 

Memory:  13,000  words/channel ,  64K  total 

Resolution:  8  bits 

Record  Time:  520  mS,  260  mS,  130  mS 

Data  Retention  Time:  10  years 

(Batteries  inside  RAM  chips) 

Power:  9-18  VDC  (nominal  12  V  battery) 

Operating  Current:  200  mA 
(Only  when  armed) 

Data  Transfer:  Parallel  format 

(Compatible  with  many  computers) 

Mass  Storage:  Floppy  Disks 

Hardcopy:  Plot  on  printer 

Numerical  data  on  printer 
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SECTION  4 

CALIBRATION  OF  THE  DRAG  MEASUREMENT  SYSTEM 

The  successful  implementation  of  any  measuring  system 
depends  largely  on  its  calibration.  The  objective  of  such 
a  calibration  effort  must  be  to  test  the  response  of  the 
system  to  all  of  the  important  test  parameters  expected  in 
the  field  test  environment.  When  feasible,  the  calibration 
should  cover  the  entire  range  of  expected  field  test  parame¬ 
ters.  Unfortunately  it  is  usually  not  possible  to  simulate 
the  entire  expected  test  environment  in  the  laboratory. 

The  calibration  in  the  G  B  Laboratory  shock  tube  was 
limited  to  low  pressure  runs,  a  facility  limitation  at  GBL. 
These  runs  did  however  meet  the  primary  calibration  objective, 
namely  the  demonstration  of  the  frequency  response,  the  per¬ 
formance  of  the  preamp,  and  the  proper  functioning  of  the  data 
acquisition  system.  A  typical  response  of  the  force  measuring 
system  is  shown  in  Figure  5.  The  comparison  of  the  oscillo¬ 
scope  trace  of  the  analog  output  of  the  preamp  and  the  plot 
of  the  digitized  data  retrieved  from  memory  shows  excellent 
agreement.  The  scope  trace  is  inverted.  Also  it  must  be 
noted  that  the  digital  system  cannot  reproduce  negative  values. 

A  quasi-steady,  dead  load  calibration  was  also  performed 
in  the  laboratory.  A  load  was  applied  quickly  in  a  mechanical 
press  and  measured  by  a  load  cell.  The  transducer  outputs 
were  found  to  be  consistent  with  the  calculated  performance. 
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SECTION  5 


EXPERIMENTAL  RESULTS 

The  facility  was  first  entered  on  23  April  1985.  The  model 
installation  was  made  at  the  133  foot  station  as  indicated  in 
the  facility  schematic  of  Figure  6.  Five  mostly  unsuccessful 
runs  were  performed  on  a  piggy-back  basis  with  other  experiments. 
This  series  of  runs  produced  no  usable  force  data  but  provided 
important  information  that  was  used  in  the  redesign  of  the  drag 
bodies.  Excessive  bending  of  the  back-up  structure  that  held 
the  piezoelectric  wafers  was  the  primary  problem.  The  much 
stiffer  structure  of  Figure  2  was  therefore  implemented.  Also 
greater  rigidity  of  the  mounting  strut  seemed  desirable  which 
was  accomplished  by  providing  a  structural  brace. 

The  facility  was  then  revisited  on  7  May  1985  and  a  series 
of  three  successful  runs  was  completed.  Data  was  recorded  for 
four  force  bodies  for  each  run  at  heights  above  the  floor  of 
0.26,  0.64,  1.29  and  1.88  feet  respectively.  The  data  presented 
in  the  following  figures  is  the  actual  measured  force  experienced 
by  the  four  square  inch  force  plates . 

To  compare  the  present  data  to  other  measurements  in  that 
facility  we  have  calculated  the  force  to  be  expected  based  on 
the  drag  coefficients  of  Figure  1  and  the  dynamic  pressure  in 
the  facility.  The  Mach  number  and  the  dynamic  pressure  for  the 
facility  were  determined  from  reported  side-on  (static)  and 
end-on  (total)  pressure  measurements.  Unfortunately  only  very 
limited  pressure  data  was  recorded  by  NMERI  during  these  runs. 

It  was  therefore  necessary  to  resort  to  data  recorded  for 
similarly  configured  runs  performed  by  NMERI  during  earlier 
efforts . 

No  data  could  be  found  for  the  133  foot  station.  The 
closest  measurement  station  for  similarly  configured  runs  was 
at  126.8  feet.  Run  number  HSTS6-77  was  selected  for  the  clean 
configuration  and  Run  number  HSTS6-75  was  used  for  comparison 
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with  the  thermally  precursed  data  of  this  experiment  which 
also  had  an  11.5  long,  5  inch  thick  Helium  layer  immediately 
upstream  of  the  measurement  station. 

The  forces  calculated  for  the  clear  air  shot  are  super¬ 
imposed  on  the  the  measured  force  data  from  the  present  runs 
as  seen  in  Figures  7  and  8  for  runs  #  7  and  8  respectively. 

The  agreement  is  seen  to  be  reasonably  good  between  measure¬ 
ment  and  prediction.  The  amplitudes  are  somewhat  different  but 
the  shape  of  the  profiles  is  well  predicted.  Particularly 
good  run-to-run  repeatability  is  seen  when  the  data  from  run 
7  is  compared  to  run  8.  This  excellent  repeatability  suggests 
that  the  force  measurement  system  was  working  properly. 

The  force  data  recorded  for  the  Helium  precursed  run 
(number  6)  is  shown  in  Figure  9.  Again  insufficient 
pressure  data  was  recorded  to  permit  comparison  of  the  force 
data  to  predictions.  Unfortunately,  the  data  of  run  HSTA6-75 
was  also  judged  unusable.  First  it  was  noted  that  except  for 
a  small  difference  in  arrival  time,  the  static  pressure  pro¬ 
file  overlayed  the  un-precursed  pressure  profile  exactly.  Also 
the  measurements  at  greater  ground  heights  agreed  exactly  with 
the  data  of  Run  HSTS6-77.  Only  the  lowest  probe  (at  H  inch 
ground  height)  yielded  a  different  response.  The  shape  of  the 
profile  is  however  identical  to  those  at  greater  ground  heights 
and  only  the  amplitude  is  slightly  lower.  This  more  nearly 
suggests  a  boundary  layer  effect  rather  than  thermal  precursing. 
Data  comparison  was  therefore  not  reasonable. 

The  shapes  of  the  measured  drag  profiles  are  judged  to 
be  representative  of  precursed  flow.  All  gages,  particularly 
in  close  ground  proximity,  showed  a  slow  rise  in  drag  initially, 
followed  by  a  very  sharp  increase,  unfortunately  into  gage 
saturation  for  low  ground  heights.  The  gages  recovered  however 
and  revealed  a  second  peak  in  drag,  typical  of  precursed  flows. 
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